Introduction
============

Solid Pseudopapillary Tumor (SPT) of the pancreas is a very rare entity with a reported incidence of 0.13% to 2.7% of all pancreatic tumors,[@B1] which was once described in many other terms, such as Frantz\'s tumor, solid and cystic tumor, papillary cystic neoplasm, and solid and papillary epithelial neoplasm.[@B2] From 1996, the term of SPT was recommended by the WHO pancreatic working group and is being widely accepted in medical practice.[@B3] Of note, in recent reports it has been concluded gradually that Solid Pseudopapillary Neoplasm of the pancreas (SPN) is the correct description regarding the terminology.[@B4],[@B5],[@B6] Despite the increases in recognition of characteristics of this tumor, which include a distinct female preponderance and low malignant potential, there is an increasing incidence of the disease reported [@B7] and the rate of preoperative misdiagnosis is rather high.[@B2],[@B8] Some clinicians have little knowledge about SPT,[@B2],[@B9] which might in turn result in the uncertainty of the strategy for its treatment. While further delineating the clinicopathological and radiological features, and summarizing the surgical therapy strategy of this tumor, we hereby report our experience in the treatment of 18 cases of SPT retrospectively along with review of the literatures.

Methods
=======

A retrospective review of 18 pathologically confirmed cases of SPT treated at the Department of General Surgery, Shandong Provincial Hospital, Shandong University, from January 1, 2000 to January 20, 2010, was performed. The clinicopathological features, radiological findings and surgical interventions were analyzed. All of the patients were closely followed up at regular intervals. The review was based on clinic records or telephone interviews. The post operative follow up periods ranged from 4 months to 9 years.

Results
=======

The patients included 17 females and 1 male, with a median age of 23 years (range 13-59). All patients underwent testing for blood sugar, serum and urine amylase, tumor markers (AFP, CEA, CA199, CA125) and the level of detections were all within normal limits. The median diameter of the lesions was 8.0 cm (range 4-20). Nine patients had their tumors within the head, 2 in the body and 7 in the tail of the pancreas. Notably one patient was demonstrated to have liver metastasis. The predominant presenting complaint was abdominal pain (8/18). The rest of the patients were asymptomatic and tumors were detected incidentally during routine physical examination. All these patients had no other obvious symptoms including weight loss, diarrhea, or general weakness. Obstructive jaundice was not observed in any of these cases, notably one patient with the tumor located in the pancreatic head had a dilated Common Bile Duct (CBD) and Pancreatic Duct (PD) (1.5 and 0.3 cm in diameter respectively).

Among the 18 cases of SPT, abdominal ultrasonography and CT scan were both performed in 16 of the 18 patients. In the rest of two patients, ultrasonography was carried out and revealed a solid-cystic neoplasm of the pancreas. 3 patients in all 18 cases underwent ultrasonography, CT and MRI for differentiation diagnosis. Radiological studies revealed a well-demarcated mass, which was composed of a solid-cystic portion. 11 patients were correctly diagnosed with a SPT by CT scan. MRI indicated the diagnosis of SPT in three patients. Notably, it was CT scan that delineated the liver metastasis, whereas ultrasound gave a negative result. With the preoperative diagnosis of SPT in 11 patients and pancreatic cyst, benign or malignant pancreatic tumor in the rest, tumor resection was completed successfully. Four patients underwent a distal pancreatectomy combined with splenectomy, 3 patients underwent a spleen-preserving distal pancreatectomy, 9 patients underwent a local tumor excision. The patient presenting with liver metastasis underwent resection of both the primary lesion and the liver metastasis. One patient underwent a duodenum-preserving resection of pancreatic head.

On surgical exploration, no severe adhesion or invasion of the SPT to the adjacent organs and near-by vessels was grossly noted, the exception being one distant metastasis to the left robe of liver was found. Lymph node enlargements were confirmed to be benign, reactive hyperplasia on pathology. Post operative complications included 4 pancreatic fistulas which were managed conservatively and resolved within 1 month, 2 months, 4 months and 6 months, respectively. The remaining 14 patients were discharged without remarkable complications within two weeks of their operation.

Grossly, SPT appeared encapsulated beneath a smooth glistening surface and had well-defined margins. Microscopically the tumor was composed of nests of epithelial cells with a solid pseudopapillary cystic and trabecular pattern, which demonstrated the characteristics of SPT histologically.

At a median follow-up period of 3.4 years (range 0.3-9 years) for all 18 patients, no mortality or local recurrence or distant metastasis were found.

Discussion
==========

After SPT was finally added to the definitions under the current classification of pancreatic neoplasm from WHO (1996), the increasing awareness of the clinical and pathological features of this rare neoplasm might help to differentiate it from other pancreatic tumors. The most common symptoms of SPT, reportedly, but less peculiar, included abdominal pain, or a palpable abdominal mass.[@B7],[@B10],[@B11] However, approximately 20% of patients were free from symptoms but were only incidentally detected by laparotomy or radiographic examination.[@B11] SPT usually predominates in adolescent girls and young women and less common in males.^8,10,11,12.13^ However, in one retrospective review, the patients with SPT presented with a median age of 39 years, which is significantly older than in the other reported series.[@B7] Literatures showed the head and tail of the pancreas were the preferential sites of the occurrence of SPT.[@B3],[@B7],[@B10],[@B14],[@B15],[@B16] In our series, the presenting clinical and pathological characteristics of SPT were consistent with those most mentioned above. In general, our hereby reported experience suggests, when a young female patient presents with a mixed solid and cystic pancreatic mass, whether she is asymptomatic or with abdominal pain, which might be located in any portion of the pancreas, especially in the head or tail, the diagnosis of SPT should be suspected and confirmed by further investigations. In our series, there was only 1 male confirmed to have SPT.

In combination with clinical findings, radiological features of SPT may help to make the correct diagnosis and differentiation from other pancreatic neoplasms. Abdominal ultrasound and CT scan usually demonstrate a huge, well-encapsulated mass with both solid and cystic components and displacement of nearby structures.[@B15],[@B17] Additionally, CT can play much more important role by providing further information about the size, location, the local invasion and vessel involvement of SPT, ultimately help to provide the final treatment strategy. In this study, on pre-contrasted CT, solid and cystic structures were demonstrated in 7 patients with SPT. After enhancement, solid and cystic structures were shown in 11 patients. Especially, the solid portions were moderately or obviously enhanced whereas the cystic parts remained unenhanced (Fig.[1](#F1){ref-type="fig"}), which were consistent with those reported previously.[@B9],[@B11],[@B18] It was mentioned accompanying CBD dilation and intra tumor calcification were infrequent findings in SPT patients.[@B9],[@B11],[@B15],[@B19] In our study, only one SPT patient with a tumor located in the pancreatic head presented with dilation of CBD. Of note, internal or capsular calcification was shown in 5 patients (Fig.[2](#F2){ref-type="fig"}), suggesting the role of calcification on the development of SPT might need to be further investigated. Considering the superiority of MRI in terms of correlation between radiological and clinicopathological findings in SPT, MRI was strongly proposed for the diagnosis of SPT.[@B6],[@B10],[@B18] Consistently, in our study, the diagnosis of SPT suggested by MRI was ultimately confirmed pathologically.

Once the diagnosis of SPT is made, surgery is the first choice of treatment, since other adjuvant therapies, including chemotherapy and radiotherapy, had shown no demonstrable response.[@B7] According to the location of the tumor, distal pancreatectomy with splenectomy, pylorous preserving pancreatoduodenectomy, Whipple\'s operation or enucleation can be performed consquently.[@B15] Furthermore, many reports had demonstrated less aggressive surgical procedures could be preferred for the treatment of SPT. [@B12],[@B20] Considering the low-grade malignancy and good prognosis of SPT, moreover, the mass is usually well-demarcated from the surrounding pancreatic parenchyma, we performed less aggressive surgical resection to remove SPT. However, after the removal of pancreatic lesion, frozen section was routinely performed to rule out pancreatic malignancy. Otherwise, for the patients with pancreatic malignancies, a radical surgery should be the reasonable option for curative therapy. Aside from the distal pancreatectomy combined with splenectomy, for instance, regarding the reduction of risk of post-splenectomy sepsis and hematological disorders,[@B21],[@B22] and based on whether the vessels of the spleen could be divided and preserved, spleen-preserving distal pancreatectomy was attempted for three SPT patients in whom the mass was located in the portion of body or tail of the pancreas. For tumors of SPT located in the neck and body of the pancreas, resection of the midportion of the pancreas and the mass with preserving the rim of the head and tail portion can be achieved. However, for the patient in whom the mass was located within the head of the pancreas, given the low malignancy, well-defined margin and no invasion to adjacent structures, especially no indications of dilated CBD and PD indicating that the lesion had no close relation with the ducts, local tumor enucleation other than aggressive pancreatoduodenectory or Whipple\'s procedure was completed successfully without damaging of CBD and PD in 8 patients. For the patient in whom the CBD and PD were dilated, local enucleation was firstly completed with the preservation of the intact CBD, whereas the pancreatic duct was unfortunately found damaged. Subsequently, duodenum-preserving pancreatic head resection was performed and the postoperative recovery was uneventful.

Of note, up to 15% of cases of SPT have shown aggressive behavior consisting of extension into adjacent blood vessels and organs, local recurrence and distant metastasis.[@B3],[@B7],[@B23],[@B24] In our series, only one patient with the primary lesion in pancreatic head and liver metastasis was noted preoperatively. Consequently, enucleation of the local resection of SPT and liver metastasis was completed. An excellent outcome has been achieved with 11 months follow-up at the time writing this review. Given the reports that even patients with SPT with local recurrence as well as liver and peritoneal metastasis could still have long-term survival,[@B25] the presence of metastasis in the SPT patients is not a contraindication for surgery. In these cases with metastasis, complete resection of both primary tumor and metastasis lesions, if possible, is proposed. Long-term survival might be achieved with an aggressive approach to both the primary lesion and to the synchronous or metachronous metastatic lesion, predominantly found in liver.[@B7] However, as liver metastasis is quite uncommon with SPT (SPN), the experience with the management of disseminated disease is very limited in the literature[@B6], therefore, attention to the therapy strategy of this neoplasm in the future may allow a more reasonable statement to be made.

In conclusion, SPT of the pancreas has atypical clinical symptoms, however, the characteristic imaging features can help to make the correct diagnosis of SPT and differentiate from other pancreatic tumors. Once diagnosed, given the excellent prognosis and low-grade malignancy, less aggressive surgical resection of the primary lesion is proposed. Whereas, for the SPT patients with distant metastasis or adjacent organ invasion, aggressive approach should be considered for long-term survival.
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